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INTERPRETATION OF HOCKET McASUREMENT DATA
OBTAINED IN THE UPPER ATMOSPHERE WITH THE HELP OF
THERMOLUMINESCENT PHOSPHOR *

Sbpraik "ISzn (AES), ' by T. V. Kazachevskaya
oJ 2 ¥¥P. 15, pp. 81 -84, G. S. Ivanov-Kholodnyy
Izd-vo A. N,SSSR, 1963, -

Measurements of the intensity of penetrating radiation
in the lower part of the ionosphere, in the 70~ 100 km range
were carried out aboard a rocket during the solar eclipse of
15 February 1961, with the aid of thermoluminescent phosphor
CasOy (Mn) [1].-A very powerful radiation was then registered
even during the maximum phase of the eclipse. A comparison between
the radiation intensity measured with the aid of phosphoris with
-the effect that should have been anticipated from the X-radiation
flux and from the emission in the L 1line, originating from the
part of the solar corona not concealed by the loon during eclipse,
was made in reference [1]. It resulted, that signals from phospho-
rus were by two orders higher than might have been expected of
X~ or Ly~ solar emission. That is why the interpretation of the

obtained data requires further consideration.

TABLE 1
Altitude Range | Average fh- 107 qu Altit. |Average Fh 107 qu.
km height ,km | cm~%sec~ range, fe| height,km | em™2 sec=/
58 = 72 66 11 94,8-87 91,2 2.k
94 — 96 95 3.1 87-76| 81.5 1
4

* INTERPRETATSIYA DANNYKH RAKETNYKH IZMERSNIY V VERKHNEY ATMOSFERE
POLUCHENNYKH S POMOSHCH'YU TERMOLY UMINESTSENTNOGO FOSFORA,.




The results of measurements of the sums of lizht L for
various heizhts are compiled in Table 1. Certain peculiarities
of the registered radiation must be noted. Its intensity at 95 km,

expressed in the number of cuanta of phosphor's emission X,

constitues about 7 .107 quantum cm~2 sec~l. The radiation inten-
sity drops with altitude decrease, and at 81 km it reaches

2 sec"l

1 -107 quantum cm”™ « Therefore, with the altitude decrease
by 14 km, which corresponds to about two heights of uniform atmos-
phere, the radiation intensity deceased less that should have been
expected for a monochromatic emission. At 67 km it practically
vanishes (its intensity decreases by more than 500 times in com-
parison with the intensity at 95 km).

Before passing to the interpretation of the results of measu-
rements, let us consider other rocket experiments with phosphorus.
A series of exveriments were carried out in U.S.A, from 1948 to
1953 [2],in which a method different from that of [1] was applied.
Phosphorus samples, exposed at a great height, were saved and
de-excited in la:x)oratory, which gave less reliable results. One
of the advantages of the method of [2] consisted in that the
exposure was effected with as well as without LiF, CaF, and Be -
filters.

Let us examine the Table 2, in which are compiled the results
obtained in [2]. Data on the conditions of the experiments are
compiled int}?first six columns: date, time, maximum height reached
Bpaxs altitude range, effective exposure time t , surface of the
phosphorus S. The last columns indicate the values of the sums
of light 2', measured by phosphorus through a LiF filter (trans-
mitting Lg radiation) and without filter. phosvhorus control
sample signal ratios a, participating in the flight (which allows
to account for the effect of phosphorus de~excitation in flight
and to obtain the energy registered in absolute units), and also
the converted values of the sums of light X.




3.

TABLE 2
3 - =! i
DATE oIiE | Y. hexp 3 § Rbadiiinig a _’z‘
g m ’ o ~ | LiF | o /o quaaf,
<@ ' Y | gk | pitten cm -l

0.01 [C.05 | 0.014 | 1.2
0.52 .14 | 0.19 3.2
0.0®Bj0.034} 0,23 0.38
C.2{0.073!| dam, 0.1
0226} 5,84} 0.79 10
dam, | 8,87 0,91 8

16, XI.48 15,34 146 | 1-146-1 30
17.11.49 | 10,00 128 | 49-.128-86] 60
11.Iv.50 {15.05]| 88| 54 - E8-17 30
17.1I1.50 {11.00{ 150| 19-82 1.5
17.I1.50 | 11.00| 150 82-127 3
17.1I1.50 |11.00] 150] 127 -148 3
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It should be noted that in the experiment of 17 February
1950 the exvosure time for phosphorus was of 50 sec, although the
effective registration time of L,( radiacvion was only of 1.5~ 3s8.
on account of rocket spinninrc.

In order to comrare the results brought out in Table 2
with the data obtained in the erperiment [1], it is necessary to
pass from sums of light %', expressed in microampere/sec, to the
total number of guanta excited by phosphorus, as this was done in
(1] (see Table 1). In this casse we shall deal with guantities equal-
ly reflectingithe intenzity of the exciting radiation incident on
phosnhorus in both cases,

Let us determine the conversion factor for passing from
microampere/sec units to the number of quanta for the intensity of
Ly measured in [2]. To that effect, we shall make use of data of
phosphorus) spectral sensitivity from [3], applied in [2], and alsoof
the data on exposure time, the value of L., absorption in the LiF
filter (3 times), the surface of phosphorus sample and the relative
dose of energy a remaining unexcited by phosphorus in flight (this
according to data on phosphorus' control samples). It resulted then
that according to data of the ilight of 17 I'ebruary 1950, the sum
of light for the altitude range from 82 to 127 km, £' = 0.126 mka/s
corresponds to Ly emission with a 0,048 watt cm™2, According to
data of the authors themselves [2], the intenisty of L« emission
during that flight was of 0.4 erg cm™2 sec™l(thus practically. the




same), wnich, according to vhophorus guantum yield [4], provides

for the sums of light £ the values &£ = 10 + 10’ quantum cm=< sec=1,
It is timely to note, that the phosphorus sensitivity, brourht up

in (3], does not difier from that in ref. [4], which we actually

used, ilience, we obtain that 1 microampere sec corresponds to

4 108 guantum cm~2 esec~l, The sums of light Z', exvrersed in mi=-

croampere sec, and registered by mcans of Ca SO,+(Mn) without fil-

ter, were converted into the values of the total number of re-emit-

2 sec‘l, corpiled in Table 2.

ted guanta cm™
In connections with the consicerations below, the total time

of phosphoris exposure in the upper atmosphere, say 50 sec., was

taken into account when corputing ¥ according to the 17 Feb,1950

experiment, and not the e:fective time of solar radiation registration.
The éame conversion factor waes used for the flights of 18 Nov.

1947, and for 17 February and 11 April 1949,

Originating from the data of Table 2, the foliowing conclu-
sions can be drawn, Note first of all, that at rather low altitudes,
say to about 130 km, where only L“-emission mainly reaches from the
-Sun, -with a corparatively s:all amount of X-radiation, the gignal
from phosphoris without filter is by 1.5 — 2 times greater than

the signal induced by Ly , whose intensity is estimated using phos-
phorus with the LiF filter. (*)- It is also confirmed by the same
reasoning in regard to data of [2], that at altitudes below 130 km

at least, a certain emission of considerable intensity and different
from Ly , is being registered. It cannot be related to the effect of
solar radiation in the region of the spectrum near L, , for, accord-
ing tb latest spectroscopic data, the intensity of this emission con-
stitutes only a few percent of that of Ly . Let us recall, that in our

experiment [1] all ultraviolet radiation was concealed by the Moon,

(*) For 15 Feb.1950 it was 15 times greater. This was noted by the au-
thors of [2] themselves. They ascribed the additional signal increase
to the effect of emission in the 795~ 105C A range. It has however a
low intensity and is strongly absorbed by the atiosphere, so that it
can give a signal only above 130 km of about C.4 erg cm™ ¢ sec-l int.
Since additional radiation was noted below 130 km, the explanatlon of
[2) must be invalis.
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Consideration of data of [2] shows, that when measuring
with phosphorus, a powerful radiation was also registered., If we
take into account Lg- emicsion (considering that it was absorbed
in allcases by 3 times in the LiF filter), this radiation is equi-
valent to 4 — 9-106 quantum cm~¢ sec~1l in the 80— 127 km altitude
range {experiment of 17 Feb,1950), and at greater heights, as for
the other three flights, in the 127 — 148 km sltitude range, the
flux was about the same: 5 .10 guantum cm~2 sec~l, At 80 km (on.
11 April 1949) and at 19~ 82 km on 17 Feb.1950, the radiation is
by about ten times weaker: 6 — 9 o 105 quantum cm-2 sec~l,

These results, obtained in 4 different experiments, corro-
borate the fact itself of ithe presence of a radiation, not connected
with the Sun, its great intersity and its value, measured during

our own exveriment [1] (see Table 1).

Therefore, a very poverful radiation was measured by means
- of phosphor — CaS0; (Mn),in [1], as well as in the American experi-
ments [2]. On éne hand, this radiatién gives at 110 km a signal by
one order of ‘magnitude greater than in the 80— 95 km range, and
on the other— it is observed at 70— 80 km, when Ly - emission is
already strongly absorbed. The radiation registered by phosphorus
cannot be monochromatic, but must have a conparatively broad spec-
trum. Among other things, it must include a component of a rather
hard radiation, capable of penetrating to the 70 km level.

A radiation, similar in its characteristics to that descri-~
bed above, was observed earlier in the 70~ 100 km altitude range,
with the aid of thermoluminscent phosphor— 2ZmnS (Ag) [5,6]. This
radiation was construed as corpuscular, consisting of electron
fluxes. According tc*such measurements the energy flux of these elec-
trons had in all the experiments a value of (1—5) 10~-2 erg cm-2 sec~1,

1

ster™", On the basis of ionospheric data, the spectrum and the inten-

sity of this electron flux at various atmosphere levels in the




90 = 300 km altitude range, was corputed in reference [7, 81. Let
us attempt to estimate the effect that may be caused by the action
- of this electron flux on the CaSOy (Mn) phosphor.— The latter's
sensitivity to electrons of various energies was me-sured by B, M,
Nosenko, L. C. Revzin and al [9,10]. The sensitivity to electronmns
of energy E resulted equal to the sensitivity of phosphor

X~ray radiation guanta with sare energy.

The estimate of the effect from the electron flux may be
conducted as follows. It was shown in the paper by L. A. Antonova
and G. S. Ivanov-Kholodnyy [7] that electrons with energies of
8 . 103 and 1.5 -lOkev reach respectively the 100 and 90 km levels
in the atmosphere. The phosphor's sensitivity to such electrons is

1, Therefore, the intensity of elec-

about equal to 10° quantum . erg-
tron flux at 95 km, according ot our measuremernts [1] during eclipse,
2 sec-l, which agrees well with the
measurenents of electron fluxes with the aid of ZnS(Ag)-luminescent

phosvhor : 0,0L - 0,05 erg cm’asec'l.

constitutes 0,06 = 0.07 erg cm™

A Thus, the new measurerents, conducted with the aid of CaSO4(Mn)
thermoluminescent phosphor during the solar eclipse provided impor-
tant results, corroborating the earlier obtained data with the aid
of ZnS (Ag) about the fact, that at 80— 95 km, powerful electron
fluxes are present., However, the described experiment is so far the
first experiment of electron registration with the help of thermolu-

- minescent phosphor and it is necessary to repeat similar measure-

ments in the future,

s2x3 THE SEND #ssax

Received on
10 May 1962

Translated by ANDRE L. BRICHANT
for the )
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

on June 30th, 1963




1.

2.

Se
L

5.

3]
b
b
1
&
t=1
%4
Q
t=l
o

G. V. KAZACHEVSKAYA, V, &8, ARKHANGEL'SKAY:, G, S, IVANOV-KHOLCDNYY.
Sb."IS?" (AES) v.15 (current icsue), 1963
[see ST— 100131

R, TOUSFY, K, WATANABE, J. PURCELL., Phys.Rev. 83, 792, 1951.
K. WATANABRE.- Phys, Rev. 83, 785, 1951,

V. A. ARKHANGEL'SKAYA, B, I. VAYNBERG, T. K. RAZUMOVA.-
p. 299, Optika i Spektroscopiya, Sb.'Luminestsentsiya" 1963,

L. A, ANTONOVA, G. S. IVANOV-KHOLODNYY.- Izv.A. N.SSSR., Ser. geo-
fiz., 5, 756, 1960,

L. A. ANTONOVA.- Ibid,, No.9, 1437, 1561.

G. S. IVANOV-KHOLCDNYY, L. 4, ANTONOVA. - Geom, i Aeronomiyz, TomI,
[ NasA TT F-81841]

L., A, ANTONOVA, G, S. IVANOV-KHOLODNYY.- Geom, i Aeronomiya, TomI
P.164, 1961,

B, M, NOSENKO, L. S, REVZIN, V., Y:., YASKOLKO. Optika i Spektrosc.
b, 345, 1957,

10. L. S. REVZIN, B, M, NOSENKO. Trudy Sredneaziatskogo Gos.In-ta
: 65 ’ 23 L) 1955
FIRST DISTRIBUTION
HEADQUARTERS GODDARD (cont'd)
ss NEWELL, CLARK 640 HESS
sG NAUGLE 651 SPENCER
CAHILL , SCHMERLING
FELLOWS , DUBIN OTHER
HOROWITZ HIBSHER AMES SONETT
Vsu ?ﬁm y JPL STEWART
SL LIDDEL
GODDARD
610 MEREDITH
614 - LINDSAY, HALLAM
613  KUPPERIAN, REED

615 BOURDEAU, AIKEN




